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RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application 
Nos. 60/418,308, filed 15 October 2002, and 60/444,256, filed 3 February 2003, and 
60/432,203, filed 1 1 December 2002. Each of these applications is herein incorporated in 
its entirety by reference. In addition, this application is related to U.S. Application No. 
(not yet known), filed 10/14/03, titled "Colorimeter with High SNR" <attomey docket 
number SI003-US>, and to U.S. Application No. (not yet known), filed 10/14/03, titled 
"Sensor with Suction Cup Array Mount" <attorney docket number SI004-US>. Each of 
these applications is herein incorporated in its entirety by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to colorimeters, and more particularly, to a colorimeter 
configured with a single cable, low impact mounting system. 

BACKGROUND OF THE INVENTION 

[0003] Colorimeters are devices for measuring the spectral content of light, where the 
measured light can be emitted either directly or indirectly from a given source. Recent 
developments have produced designs resulting in low cost colorimeters with performance 
characteristics approaching or exceeding professional quality required by the standards. 
One such colorimeter design is described in detail in U.S. Patent Number 5,892,585, which 
is herein incorporated by reference in its entirety. With such cost effective, high- 
performance colorimeter designs available, a need has arisen for techniques for effectively 
mounting the colorimeter to the device being measured. In more detail, the physical 
factors relating to mounting a colorimeter to a target device present a number of non-trivial 
problems. 
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[0004] For instance, it is necessary to ensure that the forces of attachment are minimized 
to reduce pressure applied to a computer having a liquid crystal display (LCD). Otherwise, 
color distortion will occur. Also, LCD screens are particularly sensitive to the distribution 
and magnitude of the mounting forces. Thus, it is desirable that the colorimeter be 
relatively easy to position and attach to the target device. In addition, it is necessary to 
shield the measuring system from extraneous light (light from sources other than the target 
device being measured), which will otherwise reduce the signal-to-noise (SNR) ratio of the 
colorimeter system. 

[0005] Conventional colorimeter designs employ a strap or hanging apparatus for 
securing or otherwise suspending the colorimeter in front of a display screen. A donut- 
shaped foam pad or similar soft pad is used to keep the colorimeter from pressing too hard 
on the screen so as to prevent color distortion. However, such designs are cumbersome to 
use due to the nature of the strap or hanging apparatus, and generally provide a significant 
impediment to simple user operation. In addition to the strap or hanging apparatus, such 
devices further require an electrical cable for carrying signals between the colorimeter and 
the host, which further contributes to area clutter and the cumbersome nature of such 
conventional designs. Moreover, such designs may not operate to maximize the SNR of 
the colorimeter device, particularly those designs where the colorimeter's peripheral field 
of view is not limited. 

[0006] One such conventional colorimeter mounting design is described in U.S. Patent 
Application 10/251,426. In addition to an electrical cable for carrying signals between the 
colorimeter and the host, this particular design employs a mounting scheme having a 
^ suspension means to suspend the colorimeter in front of the monitor. The suspension 
means can be flexible (e.g., rubber tubing) or rigid (e.g., plastic). One end of the 
suspension means connects to the colorimeter, while the other end is connected to a 
counterweight. 

[0007] Once the desired colorimeter position is achieved, the suspension means is 
secured into position by pressing it into slotted fulcrum device secured on the monitor to 
be measured. This leaves the colorimeter device in front of the monitor screen, and the 
counterweight hanging behind the monitor. Note, however, that the additional electrical 
cable must be managed during this balancing and positioning process, and ultimately 
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introduces various stresses and twisting forces on the assembly. Such extra considerations 
further complicate the balancing and positioning process. 

[0008] Other conventional moimting designs employ one to four relatively large suction 
cups to hold the colorimeter in place. One such device uses a large annular suction cup 
fitted about a color sensor, where the sensor measures through the center. Another such 
design uses a large rubber suction cup with a rigid clear member through which a 
proximate sensor can measure. Another such embodiment employs four large suction 
cups, one at each comer of the sensing device. These suction cup methods each suffer 
from reliability issues. 

[0009] For example, if the seal fails due to an imperfection in materials or a particle of 
dust or debris, then air will leak into the cavity causing suction cup failure. With just one 
suction cup, the device will simply fall off the target being measured. With the four cup- 
comer type design, the weight of the device will be unevenly distributed, thereby causing a 
shift in alignment of the device and/or the failure of the remaining seals. This problem is 
further exacerbated in that displays have a tendency to attract dust. Moreover, the suction 
cups used in such designs have a relatively large depth. As a result, a slow air leak will 
cause the screen-to-sensor distance to substantially increase, thereby adversely affecting 
device measurement accuracy. 

[0010] What is needed, therefore, are improved techniques for positioning and mounting 
a colorimeter to a target screen. 

BRIEF SUMMARY OF THE INVENTION 

[0011] One embodiment of the present invention provides a screen mountable color 
sensing device for sensing light emitting from a target screen. The device includes a 
colorimeter configured with one or more light sensors, and a field of view between each 
sensor and the target screen that simulates a human eye field of view. A flexible cable is 
adapted to electrically connect the colorimeter to a host, and to suspend the colorimeter in 
a selected position on the target screen. A slidable weight is coupled to the cable and 
adapted to slide to a position on the cable so as to hold the colorimeter in the selected 
position on the target screen. 
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[0012] Another embodiment of the present invention provides a screen mountable color 
sensing device for sensing light emitting from a target screen. In this case, the device 
includes a colorimeter configured with one or more sensors, and a field of view between 
each sensor and the target screen that simulates a human eye field of view. A flexible 
cable is adapted to electrically connect the colorimeter to a host, and to suspend the 
colorimeter in a selected position on the target screen. The device further includes a 
suction cup that is adapted for deployment proximate the target screen, and to secure the 
flexible cable so as to hold the colorimeter in the selected position on the target screen. 

[0013] Another embodiment of the present invention provides a screen mountable color 
sensing device for sensing light emitting from a target screen. In this particular case, the 
device includes a colorimeter having a target screen surface and a backside. A flexible 
cable is adapted to electrically connect the colorimeter to a host, and to suspend the 
colorimeter in a selected position on the target screen. The device further includes a 
suction cup that is adapted for deployment proximate the target screen, and to secure the 
flexible cable so as to hold the colorimeter in the selected position on the target screen. A 
leaf spring is operatively coupled between the suction cup and the colorimeter, and is 
adapted to provide a slight bias force to the backside of the colorimeter, thereby ensuring 
the target screen surface of the colorimeter lays flush to the target screen in the presence of 
disruptive conditions and anomalies. 

[0014] Another embodiment of the present invention provides a screen mountable color 
sensing device for sensing light emitting from a target screen. In this particular case, the 
device includes a colorimeter having a target screen surface and a backside. A flexible 
cable is adapted to electrically connect the colorimeter to a host, and to suspend the 
colorimeter in a selected position on the target screen. A slidable weight is coupled to the 
cable and adapted to slide to a position on the cable so as to hold the colorimeter in the 
selected position on the target screen. This device further includes a leaf spring that is 
adapted to provide a slight bias force to the backside of the colorimeter, thereby ensuring 
the target screen surface of the colorimeter lays flush to the target screen in the presence of 
disruptive conditions and anomalies. 

[0015] Each of these embodiments may include additional features and components, as 
vnll be apparent in light of this disclosure. Also, the various disclosed features and or 
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components can be arranged in a number of combinations to exploit the benefits of each as 
so desired. 

[0016] In one configuration, each of one or more light sensors included in the 
colorimeter is configured with a bubble shaped lens, and the colorimeter further includes a 
tube block having one or more filter cavities and corresponding light passages, and two or 
more alignment pins, thereby enabling a self-aligning fabrication process for the device. A 
sensor locating element is operatively coupled to the pins of the tube block, the sensor 
locating element having one or more lens alignment holes, where each hole is adapted to 
receive a corresponding one of the bubble shaped lenses, thereby aligning each sensor with 
a corresponding light passage of the tube block. Such an embodiment may further include 
one or more light filters, where each filter placed in a corresponding one of the filter 
cavities, thereby providing one or more spectrally selective channels. Each spectrally 
selective channel is designed to provide the field of view between each sensor and the 
target screen that simulates a human eye field of view. Note that the one or more 
spectrally selective channels can be configured as non-overlapping, overlapping, and/or to 
enable tri-stimulus measurements. 

[0017] In another particular configuration, each of the one or more light sensors has a 
planar locating surface that mates with a surface about a corresponding one of the lens 
alignment holes of the sensor locating element, thereby aligning a plane of the target 
screen and a plane of the light sensors. In another particular configuration, the colorimeter 
further includes an array of suction cups that is adapted to hold the colorimeter in position 
on the target screen. Each cup in the array has a maximum displacement distance of 0. 11 5 
inches or less, thereby enabling positional stability of the colorimeter. Note that the 
maximum displacement distance defines a distance any one cup will move in transitioning 
firom a fiilly engaged-state to a fiilly relaxed-state. In addition, one or more rigid stops are 
located on the array, so as to establish a pre-set distance of the colorimeter to the target 
screen. Each stop has a height that allows each of the suction cups in the array to be fully 
seated. 

[0018] In such an embodiment, the array of suction cups may further include a sensor 
hole located in the array, so as to allow the colorimeter to receive light emitted from the 
target screen. In addition, a sensor shield is located about the sensor hole, and is adapted 
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to shield the one or more light sensors from extraneous light generated by sources other 
than the target screen. The array of suction cups can be formed, for example, using 
injection molding techniques and then operatively coupled to the colorimeter. The 
colorimeter can have one or more weights placed within its body, thereby causing the 
colorimeter to lay flush against the target screen. 

[0019] Thus, depending on the particular application, note that a color sensing device 
configured in accordance with the principles of the present invention can combine a 
number of features each providing certain benefits, as will be apparent in light of this 
disclosure. For instance, a suction cup that is adapted for deployment proximate the target 
screen can be used to secure the flexible cable so as to hold the colorimeter in the selected 
position on the target screen, or to secure the leaf spring, or both. The colorimeter 
components (e.g., tube block and sensor locator) can be configured so as to provide a field 
of view that simulates a human eye field of view, and with self-aligning qualities to 
provide a high SNR (relative to conventional colorimeters). A suction cup array can be 
provided that reliably maintains positional stability of the colorimeter, with low 
mounting/dismounting pressure. 

[0020] The features and advantages described herein are not all-inclusive and, in 

particular, many additional features and advantages will be apparent to one of ordinary 

skill in the art in view of the drawings, specification, and claims. Moreover, it should be ' 

noted that the language used in the specification has been principally selected for 

readability and instructional purposes, and not to limit the scope of the inventive subject 

matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figure 1 is a side view of a colorimeter configured with a single cable, low 

impact mounting system in accordance with one embodiment of the present invention. » 

[0022] Figure 2 illustrates a more detailed view of the slidable weight shown in Figure 1 . 

[0023] Figure 3 is a side view of a colorimeter configured with a single cable, low 
impact mounting system in accordance with another embodiment of the present invention. 

[0024] Figure 4a illustrates a more detailed view of the suction cup shown in Figure 3. ^ 
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[0025] Figure 4b illustrates a more detailed view of the interface between the suction 
cup, cable, and leaf spring shown in Figure 3. 

[0026] Figure 5a is a bottom view of a colorimeter suction cup array that can be used in 
conjunction with the mounting system shown in Figures 1 and 3 in accordance with one 
embodiment of the present invention. 

[0027] Figure 5b is a cross-section view of the suction cup array shown in Figure 5a. 

[0028] Figures 6a-b each illustrates dimensional details of the suction cups of an array 
configured in accordance with one embodiment of the present invention. 

[0029] Figure 7 is an exploded view of a colorimeter assembly having self-aligning 
optical qualities that yield a high SNR in accordance with one embodiment of the present 
invention. 

[0030] Note that the figures are presented to facilitate understanding and clarity of 
individual features, and are not necessarily drawn to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

[0031] Embodiments of the present invention provide an improved mounting system for 
screen mounted colorimeters capable of measurement of emitted light from sources that are 
static such as LCD displays, illuminated printed or graphic matter, and/or temporally 
active types such as CRT displays or strobed printed and graphic matter. The disclosed 
techniques are particularly useful in addressing an LCD display's extreme sensitivity to 
external forces applied to the screen surface. A single flexible electrical cable is used to 
both suspend the colorimeter in position on the screen, and to carry electrical signals (e.g., 
power and control signals) between the colorimeter and its host. The flexible cable has a 
length that allows it to be draped over the target display, and to be coupled to a 
communication interface (e.g., USB port) of a host system. Various holding schemes can 
be employed to ensure the positioned cable and colorimeter assembly remain in the chosen 
position. 

[0032] In one embodiment, a slidable weight on the cable can be adjusted as needed to 
properly support and hold the position of the suspended colorimeter. Altematively, a 
suction cup configured with a cable groove can be used to support and hold position of the 
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suspended colorimeter. In such an embodiment, after the colorimeter is positioned on the 
target screen, a leaf spring may be installed between the colorimeter and the suction cup to 
maximize the integrity of the mating of the colorimeter and the screen to maintain the 
proper geometric requirements. Alternatively, or in addition to, the weight distribution of 
the colorimeter body can be optimized or otherwise adjusted (by placing a weight(s) inside 
the colorimeter housing) to work in conjunction with the flexible cable so as to provide a 
bearing force that causes the colorimeter to lay flush on the target screen, thereby 
maintaining proper geometric requirements 

[0033] By employing a flexible electrical cable to drape the colorimeter over the top of a 
target display, additional cumbersome suspension mechanisms and their associated clutter 
are avoided. In addition, undesired attachment forces are significantly reduced or 
otherwise eliminated, leaving only the bearing force of the relatively lightweight 
colorimeter body suspended at near vertical position, resulting in a negligible force 
tangential to the screen. 

[0034] The mounting system may be further configured to include a suction cup array 
that operates to hold the colorimeter in position on a target screen, while minimizing 
factors that result in change of mounting distance (colorimeter body to screen) over time, 
and minimizing and distributing mount forces so as to not damage the screen (or other 
target surface) during the moimting and dismounting of the colorimeter. Alternatively, or 
in addition to, the colorimeter assembly can be configured to maximize signal-to-noise 
ratio (SNR), as well as to provide an optimal field of view (FOV) that corresponds to or 
otherwise that simulates the human eye field of view. Geometric elements and features of 
the device design, in conjunction with the assembly procedure, assure precise alignment of 
optical elements including sensors, filters, and other elements within the enclosure and 
optical path. 

Single Cable with Slidable Weight 

[0035] Figure 1 is a side view of a colorimeter configured with a single cable, low 
impact mounting system in accordance with one embodiment of the present invention. As 
can be seen, colorimeter 20 has been placed to measure light emitting from display 10. 
Electrical cable 30 electrically connects the colorimeter 20 to a host via the host connector 
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35. A slidable weight 40 is coupled to the cable 30, and can be slid into a position that 
allows the colorimeter 20 to hang in a desired position. 

[0036] The display 10 can be, for example, a CRT, LCD, flat panel, television screen, or 
any other surface that emits light or color. Note that if so desired, a box or similar type 
structure having a height comparable to that of the display 10 can be placed behind the 
display 10, so as to effectively give the display 10 more depth. Such added depth may be 
desired by some during the positioning process if the particular display 10 being measured 
is narrow in depth, such as the case with an LCD or flat panel. Note, however, that the 
present invention does not require such added depth. In such cases, the cable 30 and 
slidable weight 40 can simply be draped over the narrow depth and hung or otherwise set 
to provide the necessary tension force to hold the colorimeter 20 in position on the target 
side of the display 10. 

[0037] The electronics of colorimeter 20 can be implemented in conventional 
technology. In one particular embodiment, the colorimeter 20 is implemented as described 
in U.S. Patent Number 5,892,585, which is herein incorporated by reference in its entirety. 
This patent describes example software, firmware, and circuit fiinctions. It will be 
appreciated, however, that a number of hardware configurations, as well as software and 
firmware routines can be used to achieve optimum colorimeter performance. 
Measurements made by the colorimeter 20 may include, for example, luminance, 
chromaticity, as well as other parameters. 

[0038] Cable 30 is a flexible electrical cable having a number of inner conductors 
required for carrying the power and electrical signals needed to perform desired 
colorimetry measurements. The type and length of the cable can be varied depending on 
the application. In one particular embodiment, cable 30 is a standard USB cable that is 
about six feet long (from colorimeter 20 housing to the end of connector 35), where host 
connector 35 is a conventional USB-male connector. Many configurations are possible 
here. Example gauges for the conductors within cable 30 are 26 or 28 AWG. The outer 
insulation can be, for example, PVC, rubber, or other flexible insulation. A spiral or 
braided shield is provided to improve electrical performance. 

[0039] Generally stated, the configuration of cable 30 (e.g., gauge of conductors, 
insulation-type, and shielding) should be selected to operate in conjunction with the weight 
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of the colorimeter 20, thereby providing sufficient flexibility so as to allow for ease in 
placement of the colorimeter 20, but without providing over-rigidness or otherwise 
undesirable force that may act to move the colorimeter after placement is selected. In this 
sense, the cable should be flexible enough such that it does not dictate colorimeter 
positioning. Rather, the user sets the colorimeter position by manipulating the 
arrangement of the colorimeter 20 and cable 30, and the cable 30 is compliant. It will be 
appreciated that greater flexibility in cable 30 can be achieved with lighter gauge 
conductors, shielding, and/or insulation. Factors such as data rate, power requirements, 
and standards-based requirements can be considered when selecting or otherwise 
configuring the flexible cable 30. 

[0040] Figure 2 illustrates a more detailed view of the slidable weight shown in Figure 1 . 
In this example, the slidable weight 40 is oval-shaped and has a groove 50 running across 
its length. The width and depth of the groove 50 is configured to slidably receive the 
thickness of cable 30. In addition, a pair of pressure dimples 55 in the middle of the 
groove operate to snug the weight 40 to the cable 30, while still allowing the weight to 
slide given a small amount of sliding pressure by a user. In this way, the slidable weight 
40 can be moved to a desired position on the cable 30, but will remain in that position until 
it is forcibly moved again. 

[0041] In one particular embodiment, the slidable weight 40 is made of lead, having a 
weight of about 50 to 60 grams. Other slidable weight configurations will be apparent in 
light of this disclosure, and the actual weight and shape of weight 40 can be varied to suit 
the particulars of a given application. In general, positioning the slidable weight 40 on the 
cable 30 should provide a holding force to the weight of the colorimeter, thereby allowing 
the assembly to be draped over the top of the display. Alternatives to a slidable metal 
weight might include, for example, a sand bag that the user can selectively use to firmly 
sandwich the cable 30 between the bag and a surface of the monitor being measured or 
other proximate surface. Note that the sand bag could also be slidably attached to the cable 
30 if so desired. 

[0042] Figure 3 is a side view of a colorimeter configured with a single cable, low 
impact moimting system in accordance with another embodiment of the present invention. 
Here, a suction cup 70 is used to secure the cable 30 in position once the colorimeter 20 is 
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placed in its desired position. The suction cup 70 can fasten, for example, to the top 
surface of the target monitor being measured or to some other suitable surface proximate 
the target screen. 

[0043] This particular embodiment also includes a leaf spring 60 which can be used to 
maximize the integrity of the mating of the colorimeter and the screen, thereby maintaining 
proper geometric requirements. The leaf spring 60 is a flexible but resilient piece of metal 
(e.g., 1 mm copper, aluminum, or piano wire) or plastic (e.g., 1 mm injection molded 
ABS/PC plastic) shaped so as to apply a slight bias force to the backside of the colorimeter 
20, thereby ensuring the colorimeter lays flush to the target screen in the presence of 
vibrations or other disruptive conditions and anomalies. Note, however, that the present 
invention does not require use of the leaf spring 60, and is not intended to be limited to 
such a configuration. 

[0044] Figure 4a illustrates a more detailed view of the suction cup shown in Figure 3. 
As can be seen, this embodiment of suction cup 70 has a stem portion that includes a cable 
holding slot 75 and a leaf spring hole 65. The suction cup 70 can be fabricated of rubber 
or other suitable material, for example, using conventional pressure molding techniques. 
The suction cup 70 can be configured with a low displacement distance (distance between 
the cup's engaged-state and its relaxed-state) to minimize undesired movement of the 
colorimeter fi-om its selected position, should the cup 70 develop a slow leak. The 
dimensional aspects of hole 65 and slot 75 can be set based on the configuration of the leaf 
spring 60 and cable 30, respectively. Numerous such configurations will be apparent in 
light of this disclosure. 

[0045] Figure 4b illustrates a more detailed view of the interface between the suction 
cup, cable, and leaf spring shown in Figure 3. In one particular application, the leaf spring 
60 is installed after the colorimeter location is selected and the cable 30 is secured in the 
cable holding slot 75 (or by use of slidable weight 40). This allows the user to focus solely 
on installing the leaf spring if so desired. In such a case, the user could hold the 
colorimeter end of the spring 60 away from the assembly while inserting the other end of 
the spring 60 into the corresponding hole 65 of the deployed suction cup 70. Once the 
spring is engaged into the hole 65, the user can then gently position the "heeled" end of the 
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spring 60 onto the backside of the colorimeter 20. Many leaf spring 60 configurations are 
possible here. 

[0046] Numerous variations and combinations of features will be apparent in light of this 
disclosure. For example, the cable 30 can be further configured with a high friction outer 
surface to inhibit its natural movement due to settling after placement. Also, note that the 
slidable weight 40 can be used in conjunction with the suction cup 70 and leaf spring 60. 
In such an embodiment, the slidable weight 40 can be used to secure the cable 30 so that 
the colorimeter 20 bears flush against the screen in a consistent geometric orientation, 
while the suction cup can be used to hold the spring 60 in position against the backside of 
the colorimeter 20. Here, the suction cup 70 need not be configured to hold the cable 30, 
given the holding force associated with the slidable weight 40. 
Suction Cup Array 

[0047] Figure 5a is a bottom view of a colorimeter suction cup array that can be used in 
conjunction with the moimting system shown in Figures 1 and 3 in accordance with an 
embodiment of the present invention. Figure 5b is a cross-section view of the suction cup 
array shown in Figure 5a. Note that additional detailed description and embodiments of 
the suction cup array are provided in the previously incorporated U.S. Application No. (not 
yet known), filed 10/14/03, titled "Sensor with Suction Cup Array Mount" <attomey 
docket number SI004-US>. In general, the suction cup array can be employed to hold the 
colorimeter in position on the target screen, and to control both the distance and variation 
of distance between the sensor and the screen, which improves SNR. 

[0048] As can be seen, the mounting sub-system includes a baseplate 510, a set of outer 
suction cups 520, a set of inner suction cups 530, a sensing hole 540, a rigid stop 550, and 
a sensor shield 560. The baseplate 510 is configured with a suction cup array including a 
number of suction cups arranged in a desired pattern. In this case, the selected pattern 
includes a ring of outer suction cups 520 and a ring of inner suction cups 530. The 
baseplate 510 can be integrated or otherwise coupled to the screen side of the colorimeter 
20 to further secure the selected position of the colorimeter, and to ensure accurate 
measurement parameters. 
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[0049] The sensing hole 540 is cut through the baseplate 510 and aligns to a sensing 
window of the colorimeter 20. The configuration (e.g., shape, location of sensing hole) of 
the baseplate 510 can generally be adapted to accommodate the colorimeter 20. In this 
case, the circular shape of the baseplate 510 and the inner and outer suction cup groups 
520/530 can be attributed to a circular-shaped colorimeter 20. It will be apparent in light 
of this disclosure, however, that other shapes for the base plate and suction cup array 
pattern are possible. 

[0050] In one particular embodiment, the entire array including the baseplate 510, the 
inner and outer suction cup groups 520/530, the rigid stop 550, and the sensor shield 560, 
are fabricated as a single molded piece of injection moldable elastomer or rubber. Here, 
the suction cup array can be integrally-molded or over-molded as part of the colorimeter 20 
housing. Altematively, the baseplate 510 can be a rigid piece of metal or plastic cut to an 
appropriate shape, and a suction cup array formed with the inner and outer suction cup 
groups 520/530, the rigid stop 550, and the sensor shield 560 can be a single injection 
molded construction of elastomer or rubber. This separately fabricated suction cup array 
can be coupled with the baseplate 510 using an adhesive or other suitable fastening 
mechanism. The combined assembly can then be fastened to the colorimeter 20 housing. 
Altematively, the rigid baseplate 510 can be integral to the housing of the colorimeter, and 
the separately fabricated suction cup array can be coupled accordingly. 

[0051] Material ALCRYN 2260 is one example of a thermoplastic elastomer that is 
injection moldable, and can be used to form the baseplate and or suction cup array. This 
rubber-like material blend is well suited to achieve low viscosity requirements during 
molding while supplying desired material properties. LOCTITE 401 and Prism primer are 
example adhesives that can be used to bond the suction cup array to a rigid support piece 
or colorimeter housing made from, for example, ABS/PC plastics. Note that the mounting 
sub-system can be integral to the colorimeter or other mountable device having similar 
mounting requirements. 

[0052] In this example, the rigid stop 550 is a ring-shaped ridge disposed on the outer 
perimeter of the baseplate 510. The stop 550 helps to establish a pre-set distance of the 
colorimeter 20 to the target screen, and has its height set accordingly (so that the suction 
cups of the array can be fully seated). The stop 550 can be, for example, formed as an 

Docket # SI005-US 13 



integral part of the suction cup array using injection-molding techniques as previously 
described. Alternatively, the stop 550 can be a separate part, such as a pre-formed rubber 
ring having suitable dimensions. This separate part can be operatively coupled to the array 
of suction cups using conventional bonding or attachment techniques. Note that the 
configuration of the stop 550 can vary. For example, the location of the stop 550 can be 
between the inner and outer suction cup rings. Alternatively, or in addition to, the stop 550 
can be a series of shorter segments or a set of strategically placed posts rather than a 
continuous ring. Also, the shape of stop 550 can vary (e.g., rectangular or square). So 
long as the stop 550 operates to establish the distance of the mountable device to the target 
screen. 

[0053] The sensor shield 560 is a ring-shaped ridge disposed on the outer perimeter of 
the sensing hole 540. The shield 560 operates to shield the sensors of colorimeter 20 from 
extraneous light generated by sources other than the target source being measured, and has 
a height substantially equal to or slightly taller than that of the stop 550. Note that the 
sensor shield 560 can be made more supple (e.g., because it is narrower) than the stop 550. 
This will allow for a seal to prevent extraneous light from entering the sensor area. This 
shielding feature aids sensors of colorimeter 20 in their ability to measure very small levels 
of light at high accuracy, since only light from the target is measured. The shield 560 can 
be, for example, formed as an integral part of the suction cup array using injection-molding 
techniques as previously described. Alternatively, the shield 560 can be a separate part, 
such as a pre-formed rubber ring having suitable dimensions. This separate part can be 
operatively coupled to the array of suction cups using conventional bonding or attachment 
techniques. 

[0054] A suction cup array configured in accordance with the principles of the present 
invention provides many small cups for a more distributed and reliable suction. If one fails 
or leaks, many more still ensure proper distribution of the related forces with no overall 
failure. In addition, injection-molding a single piece provides many operable suction cups 
at the cost of one part. Also, because each cup of the array is small in diameter and not too 
deep, the movement (relative to a target surface) associated with transitioning from an 
engaged-state to a relaxed-state for any given cup is relatively short. Thus, even if the 
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mounting system relaxes a bit, the change in mounting distance is short compared to 
conventional techniques that employ one to four larger suction cups. 

[0055] The low removal force depends, for instance, on the rigidness of the design, and 
in particular, whether the suction cups of the array can be released at least semi- 
sequentially (assuming a flexible design allowing the mounting system to be peeled-off the 
target surface like a band-aid), or whether the suction cups of the array must be effectively 
released simultaneously (assuming a rigid design allowing the mounting system to be 
cantilevered off the target surface). In either case, a pull-tab can be used to facilitate 
removal. 

[0056] The walls of each cup can generally be thin (e.g., 0.010 to 0.050 inches), and the 
cup stiffhess can therefore be assumed negligible. Additional dimensional details of the 
suction cup array architecture will be discussed in more detail with reference to Figures 6a- 
b. All noted dimensions are in inches. It will be appreciated that the suction cup array 
configured in accordance with the principles of the present invention can have numerous 
dimensions, depending on the particulars of a given application, as will be apparent in light 
of this disclosure. The example dimensions are provided in the name of robust disclosure 
and to demonstrate one possible embodiment. However, the present invention is not 
intended to be limited to any one such configuration or embodiment. 

[0057] In this particular embodiment, the outer ring of suction cups 520 includes 
eighteen evenly spaced cups on a 1.560 bolt circle, while the inner ring of suction cups 530 
includes twelve evenly spaced cups on a 1.024 bolt circle. The outer diameter of each cup 
is about 0.240. The suction cup array, including suction cups 520 and 530, sensing hole 
540, rigid stop 550 and sensing shield 560, is formed with injection molding techniques 
using a low viscosity thermoplastic elastomer blend of 96% ALCRYN 2250 UT with 4% 
ALCRYN 2260 BK by weight. The black color of the BK material renders the UT 
material nearly opaque. Note that other blends can be used here as well, or a non-blend, 
such as 100% ALCRYN 2250 UT, which would provide a transparent suction cup array. 

[0058] The mold used to make the array has certain qualities that provide desired 
qualities of the formed array, and facilitate its fabrication. In particular, areas of the mold 
that correspond to flat, non-suction cup areas of the array are configured with a slightly 
rough EDM (electric discharge machining) finish. This allows the thermoplastic elastomer 
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material to release from the mold. The mold areas that correspond to the imier bowl area 
of the suction cups are highly polished, which provides a smooth bowl surface. This 
assures good vacuum holding power. Additional features of the mold/tool are described in 
the previously incorporated "Sensor with Suction Cup Array Mount" U.S. patent 
application. 

[0059] Figures 6a and 6b each show detailed views of a suction cup included in one 
embodiment of the array. The dimensions are drawn to illustrate various features, and are 
not drawn to scale. Note that the inner surface of the cup can be highly polished (based on 
the mold as previously discussed) to provide strong suction capability. Further note that 
the thickness of each cup can vary within a range, where the thinner wall section is at the 
widest diameter of the cup, and the thicker wall section is near the neck that couples the 
cup to the major plane of the array. Here, it can be seen that the formed array releases 
from the mold/tool by the cup features collapsing within the smallest cross-sectional area 
of part, which is the neck portion. 

[0060] Each suction cup has an engaged-state (where the cup is fully seated), a relaxed- 
state (where the cup is not seated), and a displacement distance. The displacement distance 
is the distance the cup will move between when transitioning from the engaged-state to the 
relaxed-state. In accordance with the principles of the present invention, the suction cups 
of the array are configured to provide a short displacement distance, thereby enabling 
positional stability. In this particular example, the displacement distance is approximately 
0.023 inches or less. The outer cup diameter here is 0.240 inches, and the inner cup 
diameter is about 0.230 inches. Other embodiments may have a different displacement 
distances and maximum diameters. An example range of displacement distances is from 
0.015 to 0.1 15 inches, and a range of maximum cup diameter can be 0.250 or less. The 
goal here is to reduce or otherwise eliminate variation in the mounting distance relative to 
the target surface. 

Improved SNR and FOV 

[0061] Figure 7 is an exploded view of a colorimeter assembly having self-aligning 
optical qualities that yield a high SNR in accordance with an embodiment of the present 
invention. Note that additional detailed description and embodiments of the colorimeter 
assembly are provided in previously incorporated U.S. Application No. (not yet known), 
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filed 10/14/03, titled "Colorimeter with High SNR" <attomey docket number SI003-US>. 
One particular embodiment of the colorimeter assembly is configured with a viewing angle 
or field of view (FOV) in the range of +/- 5 to 7 degrees. This FOV is near optimum for 
achieving the desired performance for the low cost colorimeter, and effectively matches 
the human eye field of view. 

[0062] As can be seen, the assembly includes a sensor shield 705, a clamping screw 710, 
a clamping block 715, pin headers 720 and a correspondmg PCB assembly 730, a number 
of sensors 725a-b, a sensor locating element 735, a number of filter stacks 740, and a tube 
block 745. Other components and features, such as a dust cover, cabling, and colorimeter 
circuitry, may also be included in the assembly as will be apparent in light of this 
disclosure. 

[0063] The assembly procedure will be apparent fi:om Figure 7. Three filter stacks 740, 
each of which includes a glass layer 740a and three filter layers 740b-d, are placed in 
respective cavities of the tube block 745. Each cavity has a centrally located light passage 
that travels through the tube block 745 to allow intake of light from a target surface. The 
sensor locating element 735 is placed onto the tube block 745 via center guide pins to 
secure the filter stacks 740 in their cavities. The lead frame PCB assembly 730 is placed 
into position on the tube block 745 via a set of end guide pins. Three light-to-frequency 
sensors 725a and a light-to-voltage sensor 725b are placed in their respective positions, so 
that the lens of each sensor 725 is received into an lens alignment hole of the sensor 
locating element 735, thereby enabling filtered light to be received via the corresponding 
light passage. The clamping block 715 is placed over the sensors 725 via the guide pins of 
the tube block 745. The clamping screw 710 is torqued to secure the assembly. The 
sensor leads can then be soldered to the PCB assembly 730. Note that fimctional testing of 
the device can be performed before and/or after the soldering (assuming the imsoldered 
leads are in proper electrical contact). The sensor shield 705 can be installed over and/or 
around the clamping block 715 to prevent extraneous light from entering the back of the 
device, which reduces measurement accuracy. Also, a removable dust cover (not shown) 
can be coupled with the target surface side of the tube block 745 to protect the device until 
its use. 
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[0064] Each of the components and their respective features are discussed in detail in the 
previously incorporated "Colorimeter with High SNR" U.S. patent application. The tube 
block 745 can be a molded material having a low reflectance (e.g., black ABS/PC plastic), 
and effectively forms a base upon which the other componentry can be assembled. Note 
the four numbered filter stack cavities (1, 2, 3, and 4), and the light passage in each cavity. 
The filter stack cavities of tube block 745 are adapted to accommodate a variety of filter 
combinations within the filter stacks 740 to spectrally characterize each measurement 
channel. 

[0065] Note that the embodiment shown in Figure 7 has filter stacks 740 in three of the 
four cavities. The configuration provides three spectrally selective channels (over-lapping 
or non-overlapping depending on filter layers 740b-d), and a fourth voltage sensing 
channel (by virtue of sensor 725b). Further note the pair of tall center guide pins and the 
pair of shorter end guide pins. 

[0066] The light passages in the numbered cavities of tube block 745 each have an 
orifice diameter on the target screen side block 745, and a length of each light passage to 
the corresponding stack cavity that is determined based on the orifice diameter to provide 
an optimal or otherwise desired field of view. Note that the diameter of the light passages 
corresponding to the sensors 725a are set to achieve the desired FOV, while the diameter 
of the light passage corresponding to the sensor 725b can be wider to ensure sufficient 
light is provided to sensor 725b to enable its proper function (converting light to voltage, 
in this embodiment). 

[0067] The glass layer 40a of each stack can be, for example, a polished piece of 
blue/green infrared rejection filter glass. In one particular embodiment, the stack filter 
layers 40b-d are as follows: cavity number one - layer 40b is a rose filter, layer 40c is a 
Moroccan pink filter, and layer 40d is a medium amber filter; cavity number two - layer 
40b is a green filter, layer 40c is a straw filter, and layer 40d is a yellow filter; cavity 
number three - layer 40b is a mikkel blue filter, layer 40c is a slate blue filter, and layer 
40d is a lily filter. Note that there is no filter stack in cavity number four for this particular 
embodiment. It will be appreciated that any number of filters and stacks can be employed 
here, depending on the particular application. 
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[0068] This particular combination of sensors 725a and respective filter stacks 740 
provide non-overlapping spectral responses (via three separate and distinct spectrally 
selective channels). These responses are adequate for providing data capable of translation 
into a standard coordinates system, such as CIE XYZ, CIE L* a* b*, or CIE Luv, as well 
as non-standard operable coordinate systems. Tri-stimulus colorimetric measurements 
applications are one such example. The number of spectrally selective channels can be 
varied depending on the particular application. In addition, other sensors types can be used 
to harvest other types of data, such as the light-to-voltage sensor 725b, which is used to 
determine voltage levels coming off of the target surface. Such information can be used to 
further characterize the object under test, such as its refresh rate or to provide a diagnostic 
voltage profile. Note that such a sensor type does not operate in conjunction with a filter 
stack. 

[0069] The sensor locating element 735 is configured with lens alignment holes 735a for 
each light passage. Each lens alignment hole 735a is shaped so as to snugly receive the 
lens of the sensors 725. Also shown are two guide pin alignment holes 735b. These guide 
pin alignment holes correspond to the center guide pins of the tube block 745. This guide 
pin/alignment hole scheme enables a self-aligning fabrication process, thereby supporting 
high SNR performance. 

[0070] The underside of the sensor locating element 735 may further include crushable 
ribs. In particular, once the colorimeter is assembled, the clamping screw 710 can be 
tightened, thereby causing the crushable ribs to deform against their respective filter stacks 
740. Thus, an acceptable degree of force is applied to the stack to ensure its positional 
stability, without damaging the elements of the stack. The crushable ribs can be formed, 
for example, as a thin ring extending from the bottom of the sensor locating element 735 
about each light passage. Other embodiments may have different crushable ribs, such as a 
plurality of crushable dots or ridges that extend fi-om the bottom of the sensor locating 
element 735 proximate each light passage. Alternatively, the crushable ribs can be in the 
form of dashed lines or a semi-circle. Regardless of their shape, the crushable ribs can be 
molded or otherwise formed as an integral part of the sensor locating element 735. The 
crushable ribs mate with the glass layer 740a of each stack, and are of a determined 
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compliance so as to accomplish sufficient clamping pressure without deforming the filter 
stack. 

[0071] The upper side of the sensor locating element 735 can be shaped or otherwise 
customized to accommodate the packaging of the sensors 725. In one particular 
embodiment, sensors 725a are each a Texas Instruments TSL235 light-to-frequency 
converter, and sensor 725b is a Texas Instruments TSL250R light-to-voltage converter. 
These components have the same packaging. In this case, each of the four sensors has a 
bubble lens that is snugly received into a corresponding sensor alignment hole 735a. Also, 
a planar locating surface of each sensor 725 is placed flush on the planar area about the 
sensor alignment hole 735a of the sensor locating element 735, thereby aligning a plane of 
the target surface and a plane of the sensors. In addition, note that ''bubble lens" or 
"bubble shaped lens" are intended to cover numerous protruding lens shapes, such as 
rounded, oval, square, triangular, rectangular, tube-like, or any shape that can contribute to 
a self-aligning fabrication process. It will be appreciated in light of this disclosure that 
other sensors types, shapes, and configurations can be used here as well. 

[0072] As can be seen, the PCB assembly 730 has a pair of guide pin alignment holes 
and a number of lead holes. This further contributes to the self-aligning aspects achieved 
the fabrication process of the device. The alignment holes are adapted to be received by 
the end guide pins of the tube block 745. The lead holes are adapted to receive pin headers 
720, which can be used to mate the overall assembly to a main assembly. In addition, the 
PCB assembly 730 can include a PCB circuit layout having conductor runs and contact 
points to support the colorimeter circuitry and related electronics (e.g., components, 
wirebonds, and cabling). In general, the lead fi-ame PCB assembly 730 is designed so that 
it provides soldering points for electrically connecting the sensors 725a-b to the device 
electronics. 

[0073] The clamping block 715 includes two guide pin alignment holes and a clamping 
screw hole. The alignment holes correspond to the center guide pins of the tube block 745, 
to further support the self-aligning qualities of the device. The clamping screw hole is 
counter-sunk and is adapted to receive the clamping screw 710. The underside of the 
clamping block 715 may further include a pressure bump for each sensor 725. The 
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pressure bumps are adapted to apply clamping pressure to the back of the sensors 725 
when the clamping screw 710 is torqued, or otherwise tightened in place. 

[0074] In one particular embodiment, the back of each sensor 725 includes an inward 
dimple that is adapted to receive a corresponding pressure bump. As the clamping screw is 
tightened, each sensor floats until the corresponding pressure bump engages, aligns (by 
operation of the bump/dimple combination), and secures the sensor 725 in place. After the 
clamping operation (e.g., torquing screw 710 into position), the sensor 725 leads can be 
soldered to the lead frame PCB assembly 730. 

[0075] Once the clamping process is complete, the sensor shield 705 can be added over 
the clamping block 715 and about the assembly to prevent extraneous light (light that is 
from sources other than the intended source) from entering the light passages on the target 
surface side of the tube block. In one embodiment, the sensor shield 705 is implemented 
with black electrical tape (e.g., VA inch wdde, 8.5 mils thick). Variations on the shield will 
be apparent in light of this disclosure, such as a black rubber boot or other material that can 
shield extraneous light from the sensors 725. As previously explained, a dust cover can be 
fit over the target surface side of the tube block 745 to block entry of dust and other 
contaminants into the sensor 725 area. 

[0076] Note that the clamping block 715 and the sensor locating element 735 can be 
fabricated in a similar fashion as the tube block 745 (e.g., a molded material having a low 

reflectance, such as black ABS/PC plastic). Further note that the overall assembly can be 
mated to a primary PCB which contains all ancillary circuits to accomplish colorimeter 
fimctions, such as spectral measurement, spectral translations to standard coordinate 
systems, integration of samples, determination of display type, timing, and other required 
fimctionality. 

[0077] The foregoing description of the embodiments of the invention has been 
presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Many modifications and 
variations are possible in light of this disclosure. It is intended that the scope of the 
invention be limited not by this detailed description, but rather by the claims appended 
hereto. 
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